Steroid hormones produce major sex differences in the nervous system by acting during critical periods to regulate fundamental processes of development (Goy and McEwen, 1980; MacLusky and Naftolin, 1981; Arnold et al., 1987) . The use of discrete model neural systems has made possible an understanding of the role of steroid hormones in regulating neuron number, morphology, and connectivity (Arnold and Gorski, 1984; Kelley, 1986 ). One such model system is the spinal nucleus of the bulbocavemosus (SNB), a sexually dimorphic cluster of motoneurons in the lumbar region of the rat spinal cord. In males, SNB motoneurons innervate the perineal muscles bulbocavemosus (BC) and the levator ani (LA; Breedlove and Arnold, 1980; Schroder, 1980; Ueyama et al., 1987) , as well as the anal sphincter (McKenna and Nadelhaft, 1986) . The BC and LA muscles attach exclusively to the penis and control male copulatory re-flexes. For example, the BC muscle contracts during penile erection, particularly erection that includes flaring or cupping of the glans (Sachs, 1982; Hart and Melese-D'Hospital, 1983) . Adult females, which lack the BC/LA musculature, have only a small number of SNB motoneurons which innervate the nondimorphic anal sphincter (Cihak et al., 1970; McKenna and Nadelhaft, 1986) .
The number, morphology, and connectivity of SNB motoneurons, as well as the presence of the perineal target musculature, are regulated by the action of androgens during a critical period of development. At birth, males and females possess both large numbers of SNB motoneurons and the perineal musculature. However, in females the musculature atrophies early postnatally (Cihak et al., 1970) and their SNB motoneuron number is reduced through a normally occurring motoneuron death which is significantly greater than that seen in males (Nordeen et al., 1985; Sengelaub and Arnold, 1986) . Females treated perinatally with the androgen testosterone propionate (TP) have a significantly reduced motoneuron death (Nordeen et al., 1985) and retain the BC/LA muscles (Cihak et al., 1970; Breedlove and Arnold, 1983b) . These TP-treated females also have larger SNB motoneurons than normal females (Breedlove et al., 1982; Breedlove and Arnold, 1983b; Lee et al., 1989) . Conversely, males treated with antiandrogens or which are androgen insensitive as a consequence of the genetic testicular feminization mutation (Tfm) develop a feminine SNB (Breedlove and Arnold, 198 1, 1983a; Sengelaub et al., 1989a) . The number of SNB motoneurons in females treated with either estrogen or dihydrotestosterone, the primary active metabolites of testosterone, remains feminine (Breedlove et al., 1982; Breedlove and Arnold, 1983b; Sengelaub et al., 1989b) , whereas treatment with both of these metabolites combined produces masculine SNB motoneuron numbers (Goldstein and Sengelaub, 1989) . Androgens are also involved in regulating neuromuscular synapse elimination in the SNB system. Postnatal castration hastens the elimination of multiple inputs to LA muscle fibers, and castration followed by androgen replacement results in the retention of multiple innervation in this muscle (Jordan et al., 1989a, b; Lubischer et al., 1989) .
In adulthood, both SNB motoneurons Arnold, 1980, 1983~) and their target muscles (Dube et al., 1976) accumulate androgens and remain sensitive to androgenic effects. Changes in androgen levels produced with castration and androgen treatment result in significant and reversible alterations in SNB soma size and dendritic length (Breedlove and Arnold, 198 1; Kurz et al., 1986a; Forger and Breedlove, 1987) , synaptic organization (Matsumoto et al., 1988a, b) , and muscle mass (Wainman and Shipounoff, 1941; Forger and Breedlove, 1987) . Dendritic development has been described for a number of (Weiss and Pysh, 1978) , interneurons of the substantia gelatinosa (Falls and Gobel, 1979) , nucleus laminaris (Smith, 198 l) , retinal ganglion cells (Morest, 1969b; Maslim et al., 1986; Ramoa et al., 1987; Dann et al., 1988) , and somatosensory cortex (Greenough and Chang, 1988) . In contrast, dendritic development in other developing neurons is reported to be monotonic, and the dendritic arbors of these cells simply increase to their adult lengths (e.g., Voyvodic, 1987; Petit et al., 1988; Lasiter et al., 1989) .
Studies using radioimmunoassay or gas-liquid chromatography techniques from a variety of laboratories have consistently demonstrated that during postnatal development, and especially with the onset of puberty, the amount of circulating testosterone in male rats changes dramatically. Plasma testosterone levels are reported to decline petinatally and remain low during the first 4 postnatal weeks of life (Ketelslegers et al., 1978; Corpechot et al., 198 1) . With the onset of puberty, testosterone titers begin to rise gradually after the fourth postnatal week (Resko et al., 1968; Moger, 1977; Ketelslegers et al., 1978; Corpechot et al., 198 1) . By 7 weeks of age, testosterone titers are approximately half of adult values (Resko et al., 1968; Moger, 1977; Corpechot et al., 1981) , and masculine sexual behavior ensues with the first occurrence of mounts, intromissions, penile flips and flares, and ejaculations (Sodersten et al., 1977; Sachs and Meisel, 1979; Meaney and Stewart, 198 1) . After this time, testosterone titers continue to rise, reaching their adult levels a few weeks later (Resko et al., 1968; Ketelslegers et al., 1978; Corpechot et al., 198 1 
Materials and Methods

Animals
Experiment I: normal development. To study the normal development of SNB dendritic morphology, male rats (Sprague-Dawley) were obtained starting at postnatal day (P) 7 (Pl = day of birth). P7 was chosen as the youngest age examined because by this time cell death in the SNB is virtually complete (Nordeen et al., 1985) , and dendritic development would therefore not be confounded by changes in motoneuron number induced by hormonal manipulation (see below). Dendritic morphology was examined at 3 week intervals thereafter (P28, P49, and P70) in order to assess dendritic development through puberty into adulthood.
All males were obtained from litters bred in our colony (breeding males and females were obtained from Harlan Laboratories), and litters were culled to 8 pups when necessary, retaining males preferentially. The animals were maintained on a 14: 10 light : dark cycle with ad lib access to food and water. Four males were used at each age (total n = 16).
Experiment II: early castration. To determine if androgens were required for early postnatal dendritic growth, males were castrated at P7 under ether anesthesia. Following gonadectomy, males were given daily subcutaneous injections of 0.1 mg TP (Steraloids) dissolved in sesame oil or an equal volume (0.05 ml) of vehicle alone. This dosage of TP results in significantly higher plasma testosterone titers than would normally be present in males at these ages (Resko et al., 1968; Moger, 1977; Smith et al., 1978; Corpechot et al., 198 1) . Another group of castrated males received dosages of TP that were adjusted for increments in body weight (0.1 mg/SO gm body weight; Jordan et al., 1989a, b) . These 2 treatment regimes produced identical measures of SNB dendritic length and soma size, and the groups were therefore collapsed in subsequent analyses. The morphology of SNB motoneurons was assessed at either P28 or P49 for both the hormone-and oil-treated castrates (4-6 males/ group; total n = 19).
Experiment III: late castration. To determine if androgens were involved in late postnatal dendritic development, male rats were castrated on P28. These males were implanted with Silastic capsules (3.18 mm outer diameter; 1.57 mm inner diameter; 45 mm long) that either contained testosterone (T, Steraloids) or were left blank. Again, this length of hormone-filled Silastic results in significantly higher plasma T titers than would normally be present in males at these ages, producing plasma T levels in the normal adult range (Smith et al., 1978; Corpechot et al., 198 1) . The morphology of SNB motoneurons was assessed at either P49 or P70 for both the hormone-and blank-implanted castrates (4 males/group; total n = 16).
Histochemistry
Because we were interested in the fine morphological detail of SNB motoneurons and their dendritic arbors, we used cholera toxin conjugated to HRP (CTHRP, List Biological). This conjugate has been demonstrated to be extremely sensitive for the visualization of the dendritic arbors of retrogradely labeled SNB motoneurons (Kurz et al., 1986a Forger and Breedlove, 1987) . For CTHRP injection, animals were anesthetized with ether and the perineal muscles exposed. Unilateral injections of CTHRP (0.3-0.5 ~1 of a 0.2% solution) were made into the left BC. Animals were allowed a 48 hr survival time, a period which has been demonstrated to be optimal for HRP labeling of the SNB and its processes (Kurz et al., 1986a) . All animals were then deeply anesthetized with an overdose of urethane and perfused intracardially with saline followed by cold 1 O/o paraformaldehyde/ 1.25% glutaraldehyde. Lumbar spinal cords were removed, postfixed briefly, embedded in gelatin, and frozen-sectioned transversely at 40 pm into alternate series. The tissue was then reacted immediately using a modified tetramethyl benzidine protocol (Mesulam, 1978) and sections were counterstained with thionin.
Morphometry
The numbers and distributions of CTHRP-filled motoneurons were assessed in a series of sections 160 pm apart through the entire extent of the SNB. Counts of labeled motoneurons in the SNB were made in these sections under bright-field illumination, where somas and nuclei could be visualized and cvtoplasmic inclusion of CTHRP reaction product confirmed. Under dark-held illumination, all CTHRP-labeled dendritic processes were drawn at a final magnification of 250 x , and their length was measured with a camera lucida and a computer-based imageanalysis system. In order to estimate the amount of dendritic arbor per motoneuron, all dendritic lengths for an animal were summed and then divided by the number of CTHRP-labeled somas encountered in the same sections. This index of dendritic length per motoneuron has been shown to be a sensitive indicator of changes in dendritic morphology after castration and hormone replacement in adults (Kurz et al., 1986a) and has also revealed both normal and hormonally induced morphological differences between motoneuron nuclei (Km-z et al., 1986b (Km-z et al., , 1987 (Km-z et al., , 1989a .
The soma size of SNB motoneurons was determined under brightfield illumination by measuring the cross-sectional area of all CTHRPfilled motoneurons encountered in the same set of sections used for dendritic analysis (final magnification, 400 x ; n = 1 l-3 1 motoneurons/ animal).
Statistical analysis consisted of analyses of variance and appropriate planned comparisons as described below.
Results
Normal dendritic and somal development Injections of CTHRP into the BC successfully labeled ipsilateral SNB motoneurons at all ages. The quality of CTHRP labeling Normal P7
Normal P28
Normal P49 Figure I . Left, Camera lucida composite drawings of CTHRP-labeled processes drawn at 320 pm intervals through the total extent of the SNB.
Right, Dark-field photomicrographs of transverse sections through the lumbar spinal cord of a normal male at P7 (upper), at P28 (middle), and P49 (lower) after CTHRP injection into the BC muscle. DLN, dorsolateral nucleus; RDLN, retrodorsolateral nucleus. Scale bar, 500 pm. was consistent over groups (see Fig. 1 ) and comparable to that obtained in previous studies (Kurz et al., 1986a (Kurz et al., , b, 1987 . The distribution of CTHRP-labeled dendrites was similar to that previously reported. Labeled dendritic processes extended bilaterally to the lateral edges of the gray matter, densely to the dorsal funiculi, as well as into the area of the contralateral SNB at all ages examined (Km-z et al., 1986a) .
The development of dendritic length in SNB motoneurons was found to occur in 2 phases: a period of exuberant growth between P7 and P28, followed by a period of retraction to adult dendritic lengths by P49 (see Figs. 1, 2) . At P7 the average dendritic length per SNB motoneuron was 1463.2 pm (& 384.2 SEM), which was significantly less than that of normal adults [P70X=4113.7~m~309.4SEM;F(1,12)= 11.91,p<O.O05]. Between P7 and P28, the dendritic arbors of SNB motoneurons grew exuberantly to almost 5 times their P7 length [P28 K = 7034.5 f 866.2 pm; F(1,12) = 52.65, p < O.OOOl]. This dendritic length at P28 was also significantly above the normal P70 dendritic length per motoneuron [F( 1,12) = 14.47, p < 0.0031. Between P28 and P49, dendritic length declined significantly to 3868.6 f 430.7 pm [F(1,12) = 17.00, p < 0.0021. Following this 45% decrease, dendritic length remained stable, and both P49 and P70 values were in the normal adult range obtained in other studies (Kurz et al., 1986a) .
Soma area between P7 and P70 showed a gradual increase in size (see Figs. 2, 3 ). At P7, soma size averaged 302.1 Mm* (+6.2 SEM), which is approximately 35% of adult size. Soma area increased significantly between P7 and P28, to a mean of 628.0 f 29.3 Mm* [F(1,12) = 90.57,~ < O.OOOl]. Significant increases in soma size were also observed between P28 and P49, and between P49 and P70 [P49~ = 732.5 f 27.3 km2; P70 K = 842.6 f 26.4 Mrn2; Fs(1,12) > 9.0; p's -C 0.0071.
Dendritic
and somal development after early castration Males castrated at P7 and injected with TP showed the same exuberant growth seen in intact males, demonstrating that our TP treatment regime was sufficient to support normal dendritic development. At P28, dendritic length in TP-treated males did not differ significantly from that of normal males at this age, having an average length of 6818.4 Mm (k458.0 SEM). However, at P49 dendritic length in TP-treated males was almost twice as long (X = 7605.1 rf-619.0 pm) as that found in normal males [X = 3868.6 + 430.7 pm; F(1,25) = 18.04, p -C O.OOl].
In contrast, dendritic lengths in oil-treated castrates at P28 and P49 did not differ from their P7 values (see Figs. 2,4) . Oiltreated males at P28 had an average dendritic length of only 1449.1 f 521.6 pm, significantly below that of either normal or TP-treated males [Fs(1,25) > 40, p's -C O.OOOl]. At P49, dendritic length in oil-treated males (X = 2278.5 + 658.7 pm) was again significantly shorter than that of normal or TP-treated males [Fs(1,25) > 5.69, p's < 0.03; see Figs. 2, 51. Unlike dendritic growth, soma size after early (P7) castration did not show testosterone dependence. Average soma area in oil-treated males at P28 (X = 675.2 pm* f 33.1 SEM) and at P49 (X = 697.7 f 54.2 km2) did not differ from that of normal males (K = 628.0 f 29.3 pm* and K = 732.5 + 27.3 wm2, respectively). However, TP-treated castrates showed significant Figure 4 . Left, Camera lucida composite drawings of CTHRP-labeled processes drawn at 320 pm intervals through the total extent of the SNB. Right, Dark-field photomicrographs of transverse sections through the lumbar spinal cord of a male castrated at P7 and injected with oil (upper) or TP (lower) after CTHRP injection into the BC muscle at P28. Abbreviations and scale as in Figure 1 . increases in soma area relative to normal males at both ages. Soma area of TP-treated males was 46% larger than that of normal males at P28 [X = 918.5 + 37.9 pm2; F(1,24) = 38.21, p < O.OOOl] and 22% larger at P49 [X = 892.8 f 28.2 pm2; F(1,24) = 10.77, p < 0.004; see Fig. 31 . Because soma size increased in a normal fashion from P7 to P49 in oil-treated castrates, it appears that androgens are not required for normal soma growth during this period. However, in castrates exposed to high levels of TP, soma size was significantly larger than normal at both ages, suggesting a hypermasculinizing effect of early exposure to high T concentrations (Fig. 3 ).
Dendritic and somal development after late castration Consistent with the results of Experiment II, males castrated at P28 and implanted with T had SNB dendritic lengths at P49 that were longer than those of normal males at this age [64% longer; x = 6353.3 f 317.6 pm; F(1,18) = 12.55, p < 0.0031. At P70 however, dendritic length in T-implanted castrates (X = 5030.7 f 665.6 pm) did not differ from that of normal males.
In contrast, dendritic length in blank-implanted castrates at P49 (X = 4308.6 f 670.9 pm) did not differ significantly from that of normal males (Figs. 3, 6 ). At P70, however, dendritic lengths in blank-implanted castrates had declined significantly from P49 levels [F( 1,18) = 5.07, p < 0.041 and were significantly shorter than that of normal males [castrate + blank x = 2728.9 + 447.8 pm; F(1,6) = 6.48,~ -C 0.03; Figs. 3, 71.
As was found after early castration, soma size in blank-implanted castrates did not differ from that of normal males at P49 (castrate + blank x = 7 14.8 f 54.9 bm2). However, at P70 blank-implanted castrates had significantly smaller soma sizes than those of normal males [castrate + blank X = 556.1 + 27.6 pm*; F(1,18) = 32.14, p < 0.0002; see Fig. 31 . Soma size in T-implanted castrates was significantly larger than that of normal animals at P49 [castrate + T K = 877.8 f 34.0 pm*; F'( 1,18) = 8.32, p < 0.0 11. This hypermasculinization was transient, and by P70, soma size in T-implanted castrates was not different from that of normal males (castrate + T K = 882.2 + 36.1 Fm2). Figure 5 . Z@, Camera lucida composite drawings of CTHRP-labeled processes drawn at 320 pm intervals through the total extent of the SNB. Right, Dark-field photomicrographs of transverse sections through the lumbar spinal cord of a male castrated at P7 and injected with oil (upper) or TP (lower) after CTHRP injection into the BC muscle at P49. Abbreviations and scale as in Figure 1 . Discussion Normal dendritic development of SNB motoneurons The dendritic morphology of SNB motoneurons changes substantially over development and is characterized by 2 phases: a phase of exuberant growth followed by a phase of retraction to adult lengths. Although the dendritic arbor of SNB motoneurons at P7 is substantial, it is approximately 35% shorter than that of adults. The general shape and distribution of the arbor strongly resemble those of older animals (see Fig. 1 ). The arbor extends to the limits of the gray matter laterally and dorsally and is sparse in the lateral aspects of lamina VII. Between P7 and P28 dendrites grow exuberantly, resulting in measures of dendritic length per motoneuron at P28 that are nearly twice those of normal adults.
After P28 there is a period of dendritic retraction, and by P49 dendritic length is in its adult range. While the length of the dendritic arbor per SNB motoneuron decreases over this period, the distribution of CTHRP-labeled dendrites does not appear to change; qualitatively, labeled dendrites continue to be distributed throughout the gray matter. The characteristic features of the SNB dendritic arbor were present at all of the ages we examined, having a bilateral and radial organization with extensive lateral and dorsal projections, and a dense ramification into the area of the contralateral half of the nucleus (see Fig. 1 ). Given that there is a substantial decrease in total length but no apparent change in the general distribution of the arbor, we think it likely that the reduction in overall length is due to a retraction of dendritic branches, rather than changes in the general topology of the dendritic arbor (see Weiss and Pysh, 1978; Dann et al., 1988; McMullen et al., 1988; Ramoa et al., 1988) .
By P49 dendritic length and topology are mature and are indistinguishable from those of significantly older males (Kurz et al., 1986a Beversdorfet al., 1989 Figure 6 . Left, Camera lucida composite drawings of CTHRP-labeled processes drawn at 320 pm intervals through the total extent of the SNB. Right, dark-field photomicrographs of transverse sections through the lumbar spinal cord of a male castrated at P28 and implanted with a blank implant (upper) or an implant containing T (lower) after CTHRP injection into the BC muscle at P49. Abbreviations and scale as in Figure 1 .
198 l), the establishment of mature dendritic morphology at this age is coincident with the onset of sexual functioning of the SNB system. Intromission and ejaculation, 2 copulatory reflexes mediated by SNB motoneurons, first appear at approximately 7 weeks of age (Sodersten et al., 1977; Sachs and Meisel, 1979; Meaney and Stewart, 1981) . The onset of these behaviors corresponds closely with the first appearance of erections, penile flips, and flaring of the tip of the erect penis (Sachs and Meisel, 1979) , behaviors mediated by the SNB (Sachs, 1982; Hart and Melese-D'Hospital, 1983) .
Patterns of dendritic development
The biphasic pattern of dendritic development (exuberant growth followed by retraction) in the SNB is similar to that seen in several other neural systems (Mores& 1969b, Weiss and Pysh, 1978; Falls and Gobel, 1979; Smith, 1981; Maslim et al., 1986; Ramoa et al., 1987; Dann et al., 1988; Greenough and Chang, 1988) . For example, dendritic length in mouse Purkinje cells increases rapidly through postnatal day 20 and then declines significantly through postnatal day 35 (Weiss and Pysh, 1978) . This biphasic pattern of changing dendritic length was thought to reflect the rapid proliferation of dendrites followed by the loss of dendritic segments. Similarly, both cat retinal ganglion cells and rabbit neocortical cells display a period of exuberant dendritic branching followed by a decline to adult levels (Ramoa et al., 1987; McMullen et al., 1988) .
In contrast, dendritic development in other developing neurons is reported to be monotonic, and the dendritic arbors of these cells simply increase to their adult lengths. For example, dendritic growth in rostra1 nucleus of the solitary tract of the rat is characterized by a rapid expansion to adult lengths of first and second order dendrites through postnatal day 20, and in the case of second-order dendrites of multipolar cells, dendritic growth continues through postnatal day 70 (Lasiter et al., 1989) . In the neocortex of the rat, pyramidal cells in layer V continue to increase in dendritic length into adulthood, and this growth 942 Goldstein et al. l occurs primarily at the tips of the terminal branches (Petit et al., 1988) . Finally, neurons in the superior cervical ganglia (SCG) show a prolonged growth phase lasting through 30 weeks of age, with the dendritic arbor progressively becoming more extensive and complex (Voyvodic, 1987) . In this case, dendritic length and maximum extent are both linearly related to body weight. However, SCG dendritic growth is not considered to be the result of simple elongation, but more likely represents continual expansion and retraction of individual branches with expansion presumably dominating over retraction Voyvodic, 1987) . It seems possible that this dual mechanism operates even in systems which exhibit a biphasic pattern of dendritic development, with expansion dominating in the initial growth phase and the elimination of branches dominating during the subsequent retractive phase.
Factors controlling dendritic development
Various factors have been hypothesized to regulate dendritic development, including properties intrinsic to the neuron, afferent input, and trophic substances. Our results indicate that androgens are also a critical factor for dendritic development of the steroid-sensitive SNB motoneurons, either by acting directly or by regulating other factors. Such an involvement of steroid hormones on dendritic or synaptic development has previously been indicated in other sexually dimorphic brain regions, such as the hypothalamus (Raisman and Field, 1973; Matsumoto and Arai, 198 1; Toran-Allerand et al., 1983) . The initial outgrowth of dendrites and the number and orientation of primary processes appear to be intrinsically determined by factors inherent to developing neurons. For example, although the mutant reeler and weaver mice have profoundly tion followed by androgen replacement results in the retention altered cerebellar structure and connectivity, the rate of initial of multiple inputs to LA muscle fibers (Jordan et al., 1989a, b ; dendritic outgrowth and spine formation in Purkinje cells re- Lubischer et al., 1989) . Similarly, SNB dendritic development mains.normal. However, the development of higher-order denis exuberant at P28, and subsequently retracts to adult lengths drites is stunted, and their distribution is random (Rakic, 1975;  by P49. This retraction is also regulated by androgens, and the Berry et al., 1978) . Even before significant synaptic input to early exuberant length can be retained with androgen treatment. retinal ganglion cells is established, the size and pattern of denIt is possible that androgens may be acting on some factor comdritic arbors of specific cell types is present, suggesting that these mon to both processes-perhaps by modulating neural activity are intrinsically determined (Maslim et al., 1986) . Finally, char- (Thompson et al., 1979; Smith, 198 1) or the supply of potential acteristic features of dendritic morphology are expressed by neutrophic factors (Purves, 1986) . rons growing in culture, permitting easy identification of cell In general, dendrites of spinal motoneurons develop after types (Banker and Cowan, 1979; Banker and Waxman, 1988) .
target muscle innervation (Ramon y Cajal, 1909-19 11) . This This apparent immutability of certain features of neuronal form pattern of peripheral-to-central development is present in the is also seen in SNB motoneurons. For example, the number of SNB as well, in that the development of neuromuscular conprimary processes and the overall distribution of dendritic arbor nectivity (primarily P14 through P28; Jordan et al., 1988) preof SNB motoneurons may be determined intrinsically. These cedes the establishment of mature dendritic morphology (P28-features are present regardless of the target muscle innervated P49). Given that the majority of synapse elimination in the LA (BC vs LA) or after prenatal hormonal manipulation (e.g., dihymuscle has been completed prior to the retraction of SNB dendrotestosterone treatment; see Kurz et al., 1989a) . In the present drites, it is possible that the establishment of mature peripheral study, the dendritic topology of SNB motoneurons at even the connectivity may direct or perhaps be a prerequisite for the earliest age examined was similar to that seen at all other ages. establishment of mature dendritic architecture of SNB motoFurthermore, this topology was not altered by castration or neurons. hormone treatment and thus may reflect an intrinsic property.
While certain aspects of dendritic development, such as growth rate, may be genetically controlled, the pattern and degree of higher-order branching depend upon the contacts made with incoming afferents (Morest, 1969a; Berry et al., 1978; Berry, 1982; Vaughn et al., 1988) . The onset of function in afferents may influence dendritic growth and branching patterns more than simply the physical presence of these afferents. In nucleus laminaris in chick, the development ofdendritic length gradients Androgen efects on dendritic growth Animals castrated at P7 and treated with oil showed no changes in dendritic length from P7 values at either P28 or P49 (see Figs. 4, 5) indicating that the presence of gonadal T during the first 4 weeks of postnatal development is necessary for normal dendritic growth. Conversely, animals castrated at P7 and injetted with TP had dendritic lengths at P28 that were identical to those of normal males at the same age. Interestingly, dendritic is contemporaneous with the onset of function rather than with synaptogenesis (Smith, 198 1) . In nonpyramidal auditory cortical neurons of rabbits, alterations in afferent activity produced by ulilateral neonatal deafening change dendritic length and orientation (McMullen et al., 1988 ). However, Voyvodic (1987 observed no immediate effect of deafferentation on dendritic growth of SCG neurons in rats.
Afferents to SNB motoneurons may be important in regulatlengths of the TP-treated and normal males were the same even though the TP-treated males received a dosage of TP between P7 and P28 calculated to result in plasma concentrations far in excess of what would normally be present at these ages (Resko et al., 1968; Damassa et al., 1977; Moger, 1977; Ketelslegers et al., 1978; Corpechot et al., 1981; Jordan et al., 1989a) . The observation that dendritic development was not enhanced beyond normal P28 levels by exogenous TP treatment suggests ing dendritic growth and retraction during development. Folthat the developing SNB motoneurons may be at a metabolic lowing unilateral destruction of the nucleus by neonatal target limit for dendritic growth. While androgens are required for this ablation, dendritic length in the remaining SNB is over 50% growth, increasing T concentrations above the concentration longer than normal (Kurz et al., 1989b) . This increased length normally present through the early postnatal period would thus may result from a retention of the early exuberant arbor we have no effect. This hypothetical limit may apply in adult males observed at P28. Because the dendritic arbors of the nuclei as well-while androgen replacement following castration reoverlap extensively at all ages, unilateral destruction of the SNB stores SNB dendritic length (Kurz et al., 1986a) , elevations in might reduce competition between dendrites for incoming afferents, permitting the retention of the early exuberant length. Possible afferents to the SNB include reticular nuclei in the pons and medulla, raphe nuclei, vestibular nuclei, and several sites in the hypothalamus (Monaghan and Breedlove, 1986; Shen et al., 1989) . Androgens might interact with these afferents and/ or postsynaptically to regulate this competition and concomitant dendritic remodeling.
Another potential influence on dendritic development may be the interaction of SNB motoneurons and their target musculature. At P14, about 90% of LA muscle fibers are multiply innervated. Synapse elimination, through which the adult pattern of single innervation of muscle fibers is achieved, occurs primarily between P14 and P28 (Jordan et al., 1988) . This process is regulated by androgens; castration at P7 hastens the elimination of multiple innervation in the LA, whereas castra-T titers above normal basal levels do not produce further increases above normal lengths (Beversdorf et al., 1989) .
Androgen effects on dendritic retraction Why does SNB dendritic length begin to decline to adult levels after P28? If initial dendritic growth can be supported by even the low T levels reported to be present during the first postnatal weeks, this retraction seems paradoxical, especially given that T levels are reported to increase after P28 with the onset of puberty (Resko et al., 1968; Moger, 1977; Ketelslegers et al., 1978; Corpechot et al., 198 1) . One possible explanation may be that the androgen requirements of SNB motoneurons also increase at this time, making the low level of T present insufficient to support further dendritic growth or even stabilize the arbor at P28 lengths, and dendritic retraction results.
While SNB motoneurons in adult males have androgen re-et al. * Androgen Effects on Dendritic Growth ceptors and heavily accumulate androgens Arnold, 1980, 1983~) androgen accumulation by SNB motoneurons cannot be demonstrated by autoradiographic techniques in early postnatal animals (Breedlove, 1986 ). An increase in the concentration of androgen receptors has been reported in the hypothalamus-preoptic area of rats and mice during the first few weeks of birth (Vito and Fox, 1982) and a similar increase has been hypothesized for testicular cells between P25 and P45 (Buzek and Sanborn, 1988) . These increases in androgen receptors are consistent with an increasing influence of or dependence on androgens in these tissues, and this type of change in SNB motoneurons might underlie the dendritic retraction. Thus, the cessation of retraction by P49 may reflect an attainment of a critical concentration of plasma T which stabilizes the SNB dendritic arbor.
Androgen-treated castrates at P49 had dendritic arbors which were atypically large for this age, and were remarkably similar to the exuberant lengths seen normally at P28 (see Fig. 6 ). This hypertrophy in length at P49 further supports the hypothesis that the normal increase in androgen levels to a critical concentration may halt SNB dendritic retraction. Because our androgen dosages were calculated to produce much higher T titers than would be present in males between P28 and P49, their high T concentrations may have prematurely halted the normal retraction process. Alternatively, dendritic growth and retraction may involve separate cellular processes which can occur simultaneously, and the alternating dominance of one process over the other normally produces a biphasic pattern of development (see above). Thus, it is possible that the exuberant dendritic length of T-implanted castrates at P49 was due to an androgen-enhanced dendritic growth superimposed on a normal retraction, rather than reflecting a retention of early exuberance through an inhibition of this retraction. Regardless of the mechanism or mechanisms involved, this hypermasculine dendritic length at P49 is temporary, and dendritic length in T-implanted castrates was no longer different from that of normal males at P70.
If the increase in T titers reported to occur with the onset of puberty does halt the retraction of SNB dendrites, it might be predicted that the amount of retraction seen at P49 should be enhanced after castration. However, the extent of dendritic retraction in blank-implanted castrates was not different from that of normal males at P49. It is possible that the rate of retraction is set by metabolic or physiological maxima for SNB motoneurons at this age and cannot be hastened by hormonal manipulation. Alternatively, if normal SNB dendritic retraction is a result of insufficient androgen concentration as hypothesized above, having a subcritical androgen concentration as the result of either castration or juvenile T titers could still result in an equivalent retraction through P49. However, by P70, SNB motoneurons of blank-implanted castrates have shorter dendritic lengths than do normal animals, suggesting that the lack of gonadal testosterone may eventually result in an enhanced retraction. It may also be the case that this reduced dendritic length at P70 simply reflects the typical SNB dendritic response to castration reported in adult males (Kurz et al., 1986a; Forger and Breedlove, 1987) .
Development of soma size
The present results indicate that SNB motoneuron soma size can develop in a normal masculine fashion in the absence of androgens from P7 through P49 (see Figs. 2, 3) . These results are consistent with those of Lee et al. (1989) , who investigated the duration of the critical period for the masculinization of soma size in female rats exposed to androgens during various postnatal periods. Their data reveal that SNB motoneuron soma area in females can be masculinized by exposure to androgens through Pl 1, without further exposure until adulthood. However, androgen treatment beginning after this period did not significantly increase soma size over that of normal females. They conclude that the masculinization of SNB soma size requires exposure to androgens during a critical period that includes the first 2 postnatal weeks. Our results support this conclusion by demonstrating that males exposed to endogenous androgens until P7, and then castrated, have masculine SNB soma sizes at least until P49. At P70, castrates without androgens have significantly smaller SNB somas than those of normal males, suggesting that (in terms of soma size), the adult response to androgen removal is present by this age (Kurz et al., 1986a;  see Fig. 3 ).
The effect of androgen treatment on soma size in Experiments II and III indicates that while the development of masculine SNB soma size does not require androgens after P7, the timing of somal development can be altered by androgens. When castrates are given high dosages of androgens at early ages (starting at either P7 or P28; see Figs. 2, 3), SNB soma size reaches its adult range sooner than somas in normal males, which are reported not to reach adult levels of androgens until after P49 (Resko et al., 1968; Moger, 1977; Ketelslegers et al., 1978; Corpechot et al., 198 1) . This hypothesis may account for the difference in soma size between androgen-treated and normal animals at P28 in Experiment II, and at P49 in both Experiments II and III. By P70, however, SNB motoneuron somas in normal males have also reached adult sizes and are not different from those of androgen-treated animals. Again, it appears that the adult pattern of response to changing androgen levels is present by P70.
Sexual differentiation of the SNB neuromuscular system involves the regulation of a variety of formative processes by androgens, including neuronal death, somal growth, the elimination of multiple inputs to target muscles, and the specification ofperipheral projections (Breedlove, 1985; Nordeen et al., 1985; Kurz et al., 1986b Kurz et al., , 1987 Jordan et al., 1988 Jordan et al., , 1989a Lee et al., 1989) . The present studies demonstrate that androgens also play a critical role in the development of SNB dendritic arbor. Androgens are necessary for the initial period of exuberant growth, and pubertal changes in androgen titers may regulate dendritic retraction to stabilize the arbor at mature lengths. Together, these fundamental processes and their regulation by steroid hormones may underlie the development of sexual dimorphisms throughout the nervous system, producing differences in neuron number, size, and connectivity.
